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Foreword

This document (EN 4540:2011) has been prepared by the Aerospace and Defence Industries Association of
Europe - Standardization (ASD-STAN).

After enquiries and votes carried out in accordance with the rules of this Association, this Standard has
received the approval of the National Associations and the Official Services of the member countries of ASD,
prior to its presentation to CEN.

This European Standard shall be given the status of a national standard, either by publication of an identical
text or by endorsement, at the latest by June 2012, and conflicting national standards shall be withdrawn at
the latest by June 2012.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. CEN [and/or CENELEC] shall not be held responsible for identifying any or all such patent rights.

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following
countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Croatia, Cyprus,
Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, ltaly,
Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia,
Spain, Sweden, Switzerland and the United Kingdom.
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1 Scope

This European Standard specifies the required characteristics, inspection and test methods, qualification and
acceptance conditions for spherical plain bearings in corrosion resisting steel, self aligning with
self-lubricating liner designed to withstand (under load) slight swivelling and slow rotations only.

This standard applies whenever referenced.

These bearings prEN 4538-1, prEN 4538-2, prEN 4539-1 and prEN 4539-2 are for actuator applications and
for use in the temperature range — 54 °C to 163 °C and for EN 4538-003 and EN 4539-003 for use in the
temperature range — 54 °C to 120 °C.

The liner may be of a fabric or composite material bonded to the inside diameter of the outer ring or in a
composite material moulded into a pre-formed cavity between the inner and outer rings.

The duty cycle (Annex E, normative) has been established on the basis of a civil aircraft aileron surface
application.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

prEN 4538-1, Aerospace series — Bearings, spherical plain, in corrosion resisting steel with self-lubricating
liner — Elevated load under low oscillations — Narrow series — Dimensions and loads — Metric series 1)

prEN 4538-2, Aerospace series — Bearings, spherical plain, in corrosion resisting steel with self-lubricating
liner — Elevated load under low oscillations — Narrow series — Dimensions and loads — Inch series )

N 4538-003, Aerospace series — Bearings, spherical plain, in corrosion resisting steel with self-lubricating
liner elevated load under low oscillations — Narrow series — Dimensions and loads — Part 003: Inch series
with low friction coefficient

prEN 4539-1, Aerospace series — Bearings, spherical plain, in corrosion resisting steel with self-lubricating
liner — Elevated load under low oscillations — Wide series — Dimensions and loads — Metric series 1)

prEN 4539-2, Aerospace series — Bearings, spherical plain, in corrosion resisting steel with self-lubricating
liner — Elevated load under low oscillations — Wide series — Dimensions and loads — Inch series 1)

N 4539-003, Aerospace series - Bearings, spherical plain, in corrosion resisting steel with self-lubricating
liner elevated load under low oscillations - Wide series - Dimensions and loads - Part 003: Inch series with
low friction coefficient

N 9133, Aerospace series — Quality management systems — Qualification procedure for aerospace
standard parts

SO 11078, Aircraft — De-icing/anti-icing fluids, ISO types Il, Ill and IV

TR 4475, Aerospace series — Bearings and mechanical transmissions for airframe applications — Vocabulary 2)

1) Published as ASD-STAN Prestandard at the date of publication of this standard by Aerospace and Defence
Industries Association of Europe-Standardization (ASD-STAN), (www.asd-stan.org).

2) Published as ASD-STAN Technical report at the date of publication of this standard by Aerospace and Defence
Industries Association of Europe-Standardization (ASD-STAN), (www.asd-stan.org).
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3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

31

self-lubricated spherical plain bearings, self-aligning in corrosion resistant steel with staking groove
for actuator applications

these consist of two concentric rings, between which is interposed a self-lubricating liner which is bonded or
moulded on the spherical surface of the outer ring.

The width of the inner ring is greater than the width of the outer ring, so that a tilting movement is possible in
addition to the rotational movement.

The outer ring has no assembly slot.

This outer ring has grooves for mechanical swaging

3.2
surface discontinuities
see TR 4475

3.3
starting torque without load
see TR 4475

3.4
friction coefficient
the friction coefficient of the bearing under load is given by the following formula:

u  friction coefficient;
C  torque moment;
F  load on the bearing;
R inner spherical ball radius.
3.5
permissible radial static loads radial (Cs)
this corresponds to a permissible unit pressure multiplied by the projected surface area, the inner ring being

able to take any position within the limits of the tilting angle indicated in the product standards or design
documentation.

The direction of the load shall remain in the center plane of the outer ring.
The radial projected surface area is given by the following formula:
A=K (C min. — 2 T'max.)

Where the dimensions shown in Figure 1 are as given in the appropriate product standard
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%

Figure 1

3.6

dynamic radial load (oscillatory duty cycles)

load which may be withstood by a bearing submitted to an oscillating movement following a given number
and frequency of cycles, without the wear of the self-lubricating liner exceeding the values given in this
standard

3.6.1
oscillating duty cycles
are defined in Annex E. The table defines unit pressure applied.

The dynamic radial load is defined for each bearing size by multiplying the unit pressure by the projected
surface area, see dimensional standard

3.6.2
dynamic radial load C,,

one oscillating cycle includes an angular displacement of the inner ring in relation to the outer ring from 0° to
25°, then from 25° to — 25° and finally — 25° to 0°

3.6.3

dynamic radial load C,,,

one oscillating cycle includes an angular displacement of the inner ring in relation to the outer ring from 0° to
25°, then from 25° to — 25° and finally — 25° to 0°

3.7

adhesion of the liner - Void

area where the adhesive bond is broken or non-existent and leaves a smooth and clean interface on the
metallic surface

3.8
delivery batch
this consists of bearings with the same identity block, which may come from different production batches



3.9

ultimate static loads
is equivalent to 1,5 times the permissible static load
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4 Required characteristics, inspection and test methods

See Table 1.
Table 1
Clause | Characteristics Requirements Inspection and test methods Q| A’
4.1 Materials Shall conform with the product standards or | Chemical analysis or certificate issued by X X
design documentation. semi-finished product manufacturer
4.2 Dimensions Shall conform with the product standards or | Suitable measuring instruments X X
and tolerances | design documentation. )
Measurement of bore and outer diameter:
Dimensions not shown shall be at the — rings with a width of < 10 mm: in the
manufacturer’s option. center plane; B
— rings with a width of > 10 mm: in two
planes parallel to the outer faces and at a
distance from these faces of twice the
maximum value of the ring chamfer. The
minimum and maximum diameters shall
be determined in each measuring plane.
Measurement of ring width:
— the width of each ring (distance
between the two faces) shall be verified at
a minimum of four points.
4.3 Masses Shall conform with the product standards or | Suitable methods X
design documentation.
4.4 Marking Shall conform with the product standards or | Visual examination X X
design documentation. It shall be legible
and shall not adversely affect the material or
the functioning of the bearing.
4.5 Surface — the bearings shall be free of surface X X
appearance discontinuities liable to have an adverse effect
on their characteristics and endurance;
— the liner shall not contain contaminant
products and shall not show broken or
voided areas;
— lubrication shall not be permitted.
4.51 Assembled Visual inspection using suitable methods
bearings
4.5.2 Unassembled Magnetic or dye penetrant inspection
e rings
4.6 Hardness Shall conform with the product standards or | Suitable processes and measuring X X
design documentation. instruments
4.7 Surface Shall conform with the product standards or | Suitable measuring instruments or visual- | X X
roughness design documentation. tactile samples
4.8 Surface Shall conform with the product standards or | — Visual inspection; X X
treatment design documentation. — As per surface treatment standard.
49 Behaviour in Bearings shall be able to move freely within | Manual inspection X X
rotation the angular limits specified in the product
and tilt standards or design documentation.

continued
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Table 1 (continued)

Clause | Characteristics Requirements Inspection and test methods Q| A°
4.10 Starting torque — — — | —
without load
4101 — at ambient Shall conform with the product standards or | Suitable processes and measuring X X
e temperature. design documentation. instruments:
— Measurement of the starting torque shall
be preceded by some rotations and a few
turning movements by hand;
— Measure the torque, applied gradually to
the inner ring, in both directions, with the
outer ring held stationary. Read off the
maximal value required to start up the inner
ring.
— at low Starting torque < 2 times those listed in the | — Subject the bearing, during 4 h at the X
4.10.2 temperature. | product standards or design documentation. | minimum temperature + 5 °C;
— Immediately after, measure the torque
following 4.10.1.
— after limit Shall conform with Tables 2 (a) and 2 (b). — Subject the bearing during 1 h at the X
4.10.3 temperatures. minimum temperature + 5 °C, then 1 h at
the maximum temperature + 2 °C;
— Repeat successively x 10 this test;
— 4 h after these tests, measure the torque,
at ambient temperature, following 4.10.1.
4.1 Spherical For bonded liners: Encapsulate the bearing in plastic material as | X
surfaces Difference between the values measured used in metallurgical mounts.
conformity normally to the spherical surfaces shall not | Section the bearing following a diameter
exceed 0,08 mm. plane and polish the surfaces (see Figure 2).
By use of an optical comparator, for example,
measure dimension "/ at a minimum of five
uniformly spaced positions across the
bearing (see Figure 2) on both opposite
surfaces. The selected points shall include
the middle position of the bearing at the /10
positions.
For injected/moulded liners: Encapsulate the bearing in plastic material as | X
the maximum thickness of the liner shall be used in metallurgical mounts.
located between the C/10 positions. Section the bearing following a diameter
The minimum thickness shall be 0,2 mm. plane and polish the surfaces
By use of an optical comparator, for example,
measure dimension "' at a minimum of five
uniformly spaced positions across the
bearing (see Figure 2) on both opposite
surface. The selected points shall include the
middle position of the bearing at the /10
positions.
4.12 Permissible Shall conform with the product standards or | See Annex A. X
static loads: design documentation.
No maximum total deflection greater than
—radial: Cg; those listed in Tables 3 (a) and 3 (b) under
. permissible static loads (Cs).
—axial: G, After removing the loads, no permanent
deformations greater than those listed in
Tables 3 (a), 3 (b) and 3 (c).
413 Ultimate static | After the removal of the loads, there shall be | See Annex A. X
loads: no cracks, no push out of the inner ring or
— radial; deterioration of the bearing.
— axial.
continued
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Table 1 (continued)

Clause | Characteristics Requirements Inspection and test methods Q| A®
414 A Dynamic radial | Shall conform with the product standards or | See Annex B. X
loads Cas: design documentation.
— atlow After the removal of the loads:
temperature; — No metal-to-metal contact between inner
— at high and outer ring;
temperature. — The liner wear shall not exceed the
values listed in Table 4;
— The peel-strength and the bond integrity
shall be conform with 4.16 and 4.17.
At the end of this test, the starting torque Suitable processes and measuring
under radial load shall be measured and instruments
shall conform with values listed in Tables
5 (a), 5 (b) and 5 (c).
414 B Dynamic Shall conform with the product standards or | See Annex F.
radial loads design documentation. After the removal of
Cas0: the loads:
for — No metal-to-metal contact between inner
and and outer ring;
— The liner wear shall not exceed the
values listed in Table 4;
— at low — The peel-strength and the bond integrity ) )
temperature; | shall be conform with 4.16 and 4.17. Suitable processes and measuring
— at high At the end of this test, the starting torque instruments
temperature. under radial load shall be measured and
shall conform with values listed in Tables
5 (a), 5 (b) and 5 (c).
4.14 bis | Dynamic radial | Shall conform with the duty cycles. After the | See Annex E. X
loads duty removal of the loads:
cycles: — No metal-to-metal contact between inner
and outer ring;
— atambient | _ The liner wear shall not exceed the
temperature. | values listed in Table 4;
— The peel-strength and the bond integrity
shall be conform with 4.16 and 4.17.
At the end of this test, the starting torque
under radial load shall be measured and
shall conform with values listed in Tables
5 (a), 5 (b) and 5 (c).
Low friction Coefficient of friction to be measured before
coefficient for | and completion of the duty cycles test at
- 54 °C, — 30 °C, — 10 °C and ambient
and or temperature. For each temperature three
measurements must be taken at 10 MPa,
60 MPa and 120 MPa pressure.
The maximum value of coefficient of friction
isu=0,18. See Annex G.
continued
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Table 1 (concluded)

— shall not contain any contaminating
substances;

— shall adhere tightly to the outer ring over
at least 90 % of the contact area.

No void shall be allowed which cannot be
described within a circle of diameter equal
to:

— 25 % of outer ring width;

— 6mm,

whichever is smaller.

For non-peelable liners, a sectioned bearing

shall be examined for bond integrity. The
liner:

— shall adhere tightly to the outer ring over
at least 90 % of the contact area.

No void shall be allowed which cannot be
circumscribed within a circle of diameter
equal to:

— 25 % of outer ring width;
— 6 mm,
whichever is smaller.

location and size of any voids.

Destructively examine the liner by chipping,
scraping, abrasion, or other appropriate
means to determine the bond integrity.

Clause | Characteristics Requirements Inspection and test methods Q2| AP
4.15 Liner At the end of this test: Check one bearing per fluid: X
cc_)mpatlbllle — No metal-to-metal contact between inner | — Put the inner ring perpendicularly to the
with the fluids . )
and outer ring; outer ring;
— The liner wear shall not exceed the |- The bearing shall be immersed for 24 h in
values listed in Table 4; the fluids listed in Annex C at the following
— The peel strength and the bond integrity temperatures:
shall be conform with 4.16 and 4.17; — (45 £ 3) °C for those defined in C.1 and
— The starting torque under radial load shall .2,
be measured and shall conform with values | — (70 % 3) °C for those defined in C.3,
listed in Tables 5 (a), 5 (b) and 5 (c) — Ambient temperature for those defined in
C.4;
— Within 1/2 h after this test proceed to the
test defined in B.2.4.
Suitable processes and measuring
instruments
4.16 Peel strength | These requirements and this test apply only | See Annex D. X X
of the liner in the case where the manufacturer has ) )
established that the liner is peelable. For acceptance, this test shall be carried out
immediately after assembling and curing.
The liner shall exhibit an average peel
strength greater than 0,35 N for each
millimetre of spherical width minus 2 mm to
eliminate chamfers and edge effects.
The mean peel strength value shall be
determined with at least 75 % of the
recorded value.
4.17 Bond integrity | For peelable liners, the liner: After the peel strength test, evaluate the X X

a

b

Qualification test.

Acceptance test.

10




Table 2 (a)

Nominal diameter

Metric series
Starting torque at zero load

N.m
mm EN 4538-1 EN 4539-1
12
15 0,072 to 0,80
0,072 to 0,80
17
20 —
22 —
0,15t0 1,0
25 0,15t0 1,0
30
0,24 to 2,0
35 0,24 t0 2,0
40
45
0,36 to 3,50 0,36 to 3,50
50
55 —
Table 2 (b)
) Inch series
Code N_ommal Starting torque at zero load
diameter N.m
mm EN 4539-2
03 4,83 0,036 to 0,34 0,036 to 0,34
04 6,35
05 7,94
06 9,52
07 11,11
0,066 to 0,56 0,036 to 0,34
08 12,70
09 14,29
10 15,87
12 19,05
14 22,22
0,138 to 0,90 0,138 to 0,90
16 25,40
20 31,75
24 38,10 0,24 to 1,50
0,138 to 1,80
28 44,45
32 50,80 —

BS EN 4540:2011

EN 4540:2011 (E)
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Table 2 (c)
Nominal Inch series
Code | iometer Starting tor?\lurenat zero load

mm '
03 4,83 0,06 to 0,56 0,06 to 0,56
04 6,35
05 7,94
06 9,52
07 11,11
08 12,70
09 14.29 0,11 t0 0,90 0,11 t0 0,90
10 15,87
12 19,05
14 22,22
16 25,40
20 31,75
24 38,10 0,23 t0 1,50
8 44.45 0,23 to 1,50
32 50,80 —
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Key
1 Plastic encapsulation
2 Bearing
3 Liner
Figure 2
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Table 3 (a)

Dimensions in millimetres

Maximum total Maximum permanent deformation
Nominal deflection EN 4538-1 EN 4539-1
diameter under load After load After load
Cs Cs Cs Cs C,
12 0,37
15 0,08 0,12
0,43 0,08 0,12
17
20 — —
22 — —
0,50 0,08 0,12
25 0,10 0,14
30
35 0,75 0,10 0,14
40
0,12 0,16
45
1,00 0,12 0,16
50
55 — — —
Table 3 (b)
Dimensions in millimetres
Maximum total Maximum permanent deformation
Cod Nominal deflection _E!IE{E EN 4539-2
ode .
diameter under load After load After load
CS Cs Ca CS Ca
03 4,826
04 6,350 0.25
05 7,937 ’
06 9,525
07 11,113
0,38
08 12,700 0,08 0,127 0,08 0,127
09 14,288
0,43
10 15,875
12 19,050
14 22,225 0,50
16 25,400
20 31,750 0.75 0,10 0,14 0,10 0,14
24 38,100 ’
0,12 0,16
28 44,450 100 0,12 0,16
32 50,800 ’ — —
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Dimensions in millimetres

Maximum total Maximum permanent deformation
Nominal deflection N 4538-003 N 4539-003
Code i under load
diameter After load After load
CS Cs Ca CS Ca
03 4,826
04 6,350 0.20
05 7,937 ’
06 9,525
07 11,113
0,30
08 12,700 0,06 0,11 0,06 0,11
09 14,288
0,43
10 15,875
12 19,050
14 22,225 0,43
16 25,400
20 31,750 0.65 0,09 0,12 0,09 0,12
24 38,100 ’
0,11 0,14
28 44,450 0.9 0,11 0,14
32 50,800 ’ — —
Table 4

Maximum permissible liner-wear

Czs C250
mm mm
C» at low temperature 0,20
0,15
C»s at high temperature
C,s at ambient temperature 015
after immersion in the fluids ’ 0.10

Duty cycle at ambient temperature

15



http://dx.doi.org/10.3403/30163837U
http://dx.doi.org/10.3403/30163843U
http://dx.doi.org/10.3403/30276280U
http://dx.doi.org/10.3403/30163837U
http://dx.doi.org/10.3403/30163843U

BS EN 4540:2011
EN 4540:2011 (E)

16

Table 5 (a)
Nominal Maximum starting torque under load
diameter N.m
mm EN 4538-1 EN 4539-1
12 21,28 35,68
15 42,55 48,77
17 54,68 60,16
20 — 90,55
22 128,87 —
25 157,53 296,10
30 244,87 390,62
35 353,21 483,68
40 476,42 563,86
45 667,04 760,31
50 883,26 956,72
55 — 1 331,07
Table 5 (b)
Code N_ominal Maximum starting torque under load
diameter N.m
mm EN 4539-2
03 4,826 2,4 7 40
04 6,350 5,1 ’
05 7,937 9,1 10,20
06 9,525 12,5 17,00
07 11,113 17,0 26,00
08 12,700 24.8 36,80
09 14,288 33,4 51,50
10 15,875 48,0 61,00
12 19,050 85,4 98,70
14 22,225 118,1 130,00
16 25,400 198,0 302,00
20 31,750 245,0 390,00
24 38,100 475,0 565,00
28 44,450 670,0 760,00
32 50,800 — 960,00
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Table 5 (c)
Code N_ominal Maximum starting torque under load
diameter N.m
mm
03 4,826 1,5 1,5
04 6,350 4,0 4,5
05 7,937 6,8 7,7
06 9,525 94 12,8
07 11,113 12,8 19,5
08 12,700 18,6 27,6
09 14,288 25,0 38,6
10 15,875 36,0 45,8
12 19,050 64,0 74,0
14 22,225 88,6 97,5
16 25,400 149,0 227,0
20 31,750 184,0 293,0
24 38,100 356,0 424.0
28 44,450 503,0 570,0
32 50,800 — 720,0

5 Quality assurance

5.1 Product qualification

See EN 9133 and Tables 6, 7, 8 (a), 8 (b) and 8 (c).
Qualification shall be obtained for each bearing.

However, qualification is acquired if it has been obtained, for the bearing immediately before and the one
immediately after the bearing in question, within the range of bearings indicated in the product standard.

5.2 Acceptance conditions

5.2.1 Inspections and tests to be carried out by the manufacturer

The acceptance of a delivery batch shall be in accordance with Table 9.

5.2.2 User's quality control

The user may, on acceptance of a delivery batch, proceed to inspect it by using the inspections specified in
Table 9, in full or in part, to ensure that the items conform to the required quality level, and to determine
whether the delivery batch is acceptable.

This inspection can be carried out in the user's factory, or, by special agreement, in the manufacturer's
factory.

17
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6 Packaging

The bearings shall be packaged either individually or in rolls so that they will not be damaged during
transportation.

They shall be protected against moisture, corrosion, dirt and other harmful substances.
The packaging material in contact with the bearing shall provide this protection.

The following indications shall be affixed to each individual package:

— Manufacturer's name and address;

— Quantity (for rolls);

— Identity blocks as defined by product standards or design documentation;

— Packaging date.

The following indications at least must appear on collective packaging:
— Manufacturer's name and address;

— Number of order;

— Quantity;

— Identity block as defined by the product standards or design documentation.

7 Certificate of conformity

All the bearings supplied in accordance with this standard shall be accompanied by a certificate of conformity
from the manufacturer.
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Table 6 — Non-destructive inspections and tests to be carried out for qualification

Type of inspections and tests ° Defined Serial number of samples
in
subclause|( 1 |2 (3|4 (5|6 |7 |8|9(10|11|12|13

Materials 41 XX | X|X]|X
Dimensions and tolerances 4.2 X[ X|X|X[X
Masses 4.3 X[ X|X]|X]|X
Marking 4.4 X[ X[X[X]X
Surface appearance 4.5 X[ X[ X|[X[X
Hardness 4.6 X | X
Surface roughness 4.7 XX [X[X
Surface treatment 4.8 X[ X[X[X]|X
Behavior in rotation and tilt 4.9 X[ X|X]|X]|X
Starting torque at ambient temperature 4.10.1 X | X

artl Y€ atiow temperature b 4.10.2 X
without load after limit temperature b 4.10.3 X

The order is left to the initiative of the qualification authority. The tests apply to bearings with or without swaging grooves.

For these tests, an established qualification for such a diameter in a given range of bearings [see Tables 2 (a), 2 (b) and 2 (c)]

applies automatically for all the other diameters and series.

Table 7 — Destructive inspections and tests to be carried out for qualification

Defined Serial number of samples
Type of inspections and tests ° in
subclause | 1 [ 2 |3 |4 (5|6 |7 (8|9 ]|10(11|12]|13
Spherical surfaces conformity 411 X
Radial Permissible (Cs) 4.12 X | X
aaia
Under static ' Uttimate 413 X | X
load el Permissible (C,) 412 X
@ Utimate 413 X
g;:aer;‘i)cezgis)smle at low temperatureb X
25
radial load ] b 4.14
+ test on liner at high temperature X
Duty cycles at ambient temperature 4.14 bis X | X
Liner at (45+3)°C"° X | X
compatibility — at(70+3)°C ° 4.15 X | X
with the fluids at ambient temperature b X

a

b

applies automatically for all the other diameters and series.

The order is left to the initiative of the qualification authority. The tests apply to bearings with or without swaging grooves.

For these tests, an established qualification for such a diameter in a given range of bearings [see Tables 2 (a), 2 (b) and 2 (c)]

19



114

Table 8 (a) — Sharing of the tests to be carried out for qualification

(3) LL0Z:0¥SY N3

] . EN 4538-1 EN 4539-1
Type of inspections and tests Eﬁ;‘:liﬂs': Diameter code Diameter code
12 |15 |17 | 22 | 25 | 30 | 35 |40 | 45 |50 | 12 | 15 | 17 | 20 | 25 | 30 | 35 | 40 | 45 | 50 | 55
Materials 4.1 X X | X X X X X X X X X X
Dimensions and tolerances 4.2 X X X X X X X X X X X X
Masses 4.3 X X | X X X X X X X X X X
Marking 4.4 X X | X X X X X X X X X X
Surface appearance 4.5 X X X X X X X X X X X X
Hardness 4.6 X X X X X X X X X X X X
Surface roughness 4.7 X X X X X X X X X X X X
Surface treatment 4.8 X X | X X X X X X X X X X
Behavior in rotation and tilt 4.9 X X X X X X X X X X X X
at ambient temperature 4.10.1 X X X X X X X X X X X X
Starting
torque without load at low temperature 4.10.2 X
after limit temperatures 4.10.3 X
Spherical surfaces conformity 4.11 X X X X X X X X X X X X
Radial Permissible (Cs) 412 X X X X X X X X X X X X
Static load Ultimate 4.13 X X | X X X X X X X X X X
Asial Permissible (Ca) 4.12 X X | X X X X X X X X X X
Ultimate 4.13 X X | X X X X X X X X X X
Permissible at ambient temperature 4.14 X X | X X X X X X X X X X
dynamic radial at low temperature 4.16 X
load + test on liner at high temperature 417 X
Duty cycles at ambient temperature 4.14 bis X X X X X X X X X X X X
at (45 +£3) °C X
Liner compatibility
with the fluids ~ -2t(70£3)°C 415 1 X
at ambient temperature X

NOTE This table is given as an example. The order of ranges may be different but shall satisfy the requirements defined in 5.2 and in Tables 6 and 7. For a total qualification of the 2 ranges of
bearings, it is required in the present example:

— 1 complete test;
— 21 partial tests;

— 17 "de facto" qualification.




(4

Table 8 (b) — Sharing of the tests to be carried out for qualification

Defined EN 4538-2 EN 4539-2
Type of inspections and tests in Diameter code Diameter code
,?alib,se 03/04/05{06/07/08/09]10 /121416202428 32(03/04/05/06/0708[(09/10[12|14/16)20|24 28|32
Materials 4.1 X X XX X X X X X X XX X X X X
Dimensions and tolerances 4.2 X X XX X X X X X X X | X X X X X
Masses 4.3 X X XX X X X X | X X XX X X X X
Marking 4.4 X X X | X X X X X | X X XX X X X X
Surface appearance 4.5 X X X | X X X X X[ X X X | X X X X X
Hardness 4.6 X X XX X X X X | X X XX X X X X
Surface roughness 4.7 X X X | X X X X X[ X X X | X X X X X
Surface treatment 4.8 X X X | X X X X X[ X X XX X X X X
Behavior in rotation and tilt 4.9 X X X | X X X X X[ X X X | X X X X X
) at ambient temperature 4.101 (| X X XX X X X X[ X X X1 X X X X X
Starting torque
without load at low temperature 4.10.2 X X
after limit temperatures 4.10.3 X X
Spherical surfaces conformity 4.11 X X X | X X X X X[ X X X | X X X X X
Radial Permissible (Cs) 412 X X X | X X X X X | X X XX X X X X
Static load U|t'm<’.ite. 4.13 X X XX X X X X | X X XX X X X X
Axial Permissible (Ca) 4.12 X X X | X X X X X | X X XX X X X X
Ultimate 4.13 X X X | X X X X X | X X XX X X X X
Permissible ~ at ambient temperature 414 | x X X | X X X X X || x X X | X X X X X
cézlsnamlc radial at low temperature 4.16 X X
+ test on liner  at high temperature 4.17 X X
Duty cycles 414 bis || X X XX X X X X | X X XX X X X X
Liner at (45+3)°C X X
compatibility at (70 +3) °C 4.15 X X

with the fluids at ambient temperature

x

x

NOTE
bearings, it is required in the present example:

— 1 complete test;
— 21 partial tests;

— 17 "de facto" qualification.

This table is given as an example. The order of ranges may be different but shall satisfy the requirements defined in 5.2 and in Tables 6 and 7. For a total qualification of the 2 ranges of

(3) LL0Z:0¥SY N3



N Table 8 (c) — Sharing of the tests to be carried out for qualification
Defined EN 4538-003 EN 4539-003
Type of inspections and tests in Diameter code Diameter code
cf::;e 03/04/05(06|07 0809|110 |12 |14 1620|2428 |32/ 03|/04|05|06|07 08|09 10|12 |14 |16 |20 |24 |28 |32
Materials 4.1 X X XX X X X X X X X X X X X X
Dimensions and tolerances 4.2 X X X | X X X X X | X X X | X X X X X
Masses 4.3 X X X | X X X X X [ X X X | X X X X X
Marking 4.4 X X X | X X X X X[ X X X | X X X X X
Surface appearance 4.5 X X X | X X X X X | X X X | X X X X X
Hardness 4.6 X X X | X X X X X | X X X | X X X X X
Surface roughness 4.7 X X X | X X X X X || X X X | X X X X X
Surface treatment 4.8 X X X | X X X X X | X X X | X X X X X
Behavior in rotation and tilt 4.9 X X X | X X X X X | X X X | X X X X X
) at ambient temperature 4.10.1 X X X | X X X X X || X X X | X X X X X
f;?: |Ir;géorque at at low temperature 4.10.2 X X
after limit temperatures 4.10.3 X X
Spherical surfaces conformity 4.1 X X X | X X X X X || X X X | X X X X X
Radial Permissible (Cs) 412 X X X | X X X X X | X X X | X X X X X
Static load Ultimate 4.13 X X X | X X X X X | X X X | X X X X X
Axial Permissible (Cs) 4.12 X X X | X X X X X[ X X X | X X X X X
Ultimate 413 X X X | X X X X X | X X X | X X X X X
Permissible dynamic at ambient temperature 4.14 X X X | X X X X X || X X X | X X X X X
radial Czso at low temperature 4.16 X X
+ teston liner at high temperature 417 X X
Duty cycles 414 bis || X X X | X X X X X[ X X X | X X X X X
Low friction coefficient gift?/r(e:}fc?;tse:ests 4.14 X | X X | X
_ at (45+3) °C X X
Lier PRI 1 1023 x x
at ambient temperature X X
NOTE This table is given as an example. The order of ranges may be different but shall satisfy the requirements defined in 5.2 and in Tables 6 and 7. For a total qualification of the 2 ranges of
bearings, it is required in the present example:
— 1 complete test;
— 21 partial tests;
— 17 "de facto" qualification.
@  Two spherical plain bearing (EN 4538-003 or EN 4539-003) of the size 16 or 20 have to be tested.
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Table 9 — Inspection and tests to be carried out for acceptance

Types of inspections and tests 2 Defined in Sampling plan b¢
subclause
. Certificate of conformity of

Materials 4.1 semi-finished products manufacturer
Dimensions and tolerances 4.2 10 % d
Marking 4.4 100 %

4.5.1 10 % assembled ¢
Surface appearance

452 100 % unassembled
Hardness 4.6 1 % per heat treatment batch °
Surface roughness 4.7 5% d
Surface treatment 4.8 1 % per heat treatment batch d
Behavior in rotation and tilt 4.9 100 %
Starting torque without load, at ambient 4.10 1 100 %
temperature
Peel strength of the liner 4.16 1% 4
Bond integrity of the liner 4.17 1% 4

@  The order is left to the initiative of the acceptance authority. These inspections can be carried out at the time of manufacture.

b When the sampling is not 100 %, any defect found in the course of an inspection or test requires this inspection to be

extended to 100 %.

€ May vary with the approval of the user or authority responsible for acceptance.

d Minimum two pieces.
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Annex A
(normative)

Verification of permissible and ultimate static loads

A.1 Permissible radial loads (Cs)

A1.1 Principle

See Figure A.1 as an example.

A.1.2 Method

— Mount the bearing as shown in Figure A.1;

— Apply a radial pre-load equal to 5 % of Cs for 3 min;

— Set the dial gauge to zero;

— Continuously increase this pre-load (1 % per s) until Cs is obtained;

— Maintain load C; for 3 min;

— Read off the value of the total deformation indicated by the dial gauge;

— Reduce the load continuously (1 % per s) to the pre-load value;

— Read off the value of the permanent deformation indicated by the dial gauge;
— Remove the pre-load;

— Check.

A.2 Ultimate radial static load

A.2.1 Test

This test follows that specified in A.1.

A.2.2 Principle
See Figure A.1.

A.2.3 Method

— Mount the bearing as shown in Figure A.1.

— Apply a radial load of 1,5 C by increasing the load at a rate of 1 % per s.
— Maintain the load 1,5 Csfor 1 min.

— Remove the load continuously at a rate of 1 % per s.

— Check.
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A.3 Permissible axial static load (C5)

A.3.1 Principle

See Figure A.2 as an example.

A.3.2 Method

— Mount the bearing as shown in Figure A.2;

— Apply a radial pre-load equal to 5 % of C, for 3 min;

— Set the dial gauge to zero;

— Continuously increase this pre-load (1 % per s) until C, is obtained;

— Maintain load C, for 3 min;

— Reduce it continuously (1 % per s) to the pre-load value;

— Read off the value of the permanent deformation indicated by the dial gauge;
— Remove the pre-load;

— Repeat this operation after rotating one ring 180° in relation to the other.

A.4 Ultimate axial static load

A.4.1 Test

This test follows that specified in A.3.

A.4.2 Principle
See Figure A.2.

A.4.3 Method

— Mount the bearing as shown in Figure A.2;
— Apply an axial load of 1,5 Cj;

— Remove the load;

— Check.

BS EN 4540:2011
EN 4540:2011 (E)
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Dimensions in millimetres

O

(<]
A
-

¥
F 3
N

¥
&)

Key

Width of bearing inner ring + 0,10
H min. = & spherical part - @ d
Frame 40 HRC min.

Bearing with self-lubricating liner
Pin in steel 50 HRC min.

Dial gauge

Test ring 50 HRC min.

+0,025
0

© NO O~ WODN -~

Clearance range

Figure A1
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Key

o g B~ WON

+0,025

Clearance range 0

Mandrel

Bearing with self-lubricating liner

Support

Dial gauge

@ spherical part + twice the thickness of the liner

Figure A.2

BS EN 4540:2011
EN 4540:2011 (E)

27



BS EN 4540:2011
EN 4540:2011 (E)

Annex B
(normative)

Verification of dynamic radial loads (Cas)

B.1 Principle

See Figure B.1 as an example.

B.2 Verification

B.2.1 Method

— Mount the bearing as shown in Figure B.1 without affecting its characteristics. The testing device shall
be designed with the aim that the rotation during the test shall be effective at the liner level;

— Apply statically, for 15 min on the outer ring, the C,5 load corresponding to the relevant test;
— Set the dial gauge to zero;

— Submit the bearing to the relevant test;

— Check the wear of the liner;

— After this checking, proceed to peel strength and bond integrity tests defined in 4.16 and 4.17.

B.2.2 Testing at ambient temperature

Number of cycles: 25000
Rate: (12 £ 2) cycles/min
Test load: 100 % of load Cys

B.2.3 Testing at low temperature

Number of cycles: 25000

Rate: (12 £ 2) cycles/min

Test load: 75 % of load Cys

Temperature to be maintained throughout the test: — 55 °C

The temperature may increase until — 35 °C. In this event, stop the test to decrease the temperature to
— 55 °C then continue the test.
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B.2.4 Testing at elevated temperature

Number of cycles : 25000
Rate : (12 £ 2) cycles /min
Test load : 100 % of load Cys

Temperature to be maintained throughout the test: (163 £ 5) °C.

The heating, due to friction, could be balanced by adjusting the heating source.

B.2.5 Test at ambient temperature after immersion

Number of cycles : 25000
Rate : (12 £ 2) cycles /min
Test load : 75 % of load Cays

A

O —1 | -

Key

Dial gauge

Pin in steel 50 HRC min.
Bearing with self-lubricating liner
Bearing support

Power unit

a B~ WON -

[V

Location of the temperature gauge

+ 0,010

Pin diameter = d nominal diameter
- 0,025

. . . 0,008
¢ Support diameter = D nominal diameter * 0.005

Figure B.1
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Annex C
(normative)

Fluids — Essential characteristics

C.1  Fuel for turbine aero engine

Flash point, min.:
Freezing point, max.:
Viscosity at 34,4 °C, max.:
Net calorific value, min.:
Total acidity, max.:
Aromatics content, max.:
Olefins content, max.:
Total sulphur max.:

38 °C

-50°C

15 mm?/s

42,5 MUlkg
0,015 mg KOH/g
20 %

5%

0,2 %

C.2 Fluids for de-icing circuit

Nature:

Density at 15° C, max.:
Distillation:

Final distillation point, max.:

C.3 Hydraulic fluids

96 % denatured isopropylalcohol

0,806 g/cm®

90 % distilled between 80 °C and 90 °C
123 °C

C.31 Mineral fluid for hydraulic transmission - Type 5 mm?%s at 98,9 °C

Pour point, max.:

Flash point, min.:

Acid value, max.:

Color:

Kinematic viscosity, min.:

-60°C

82 °C

0,1 mg KOH/g

red

at 38 °C: 14 mm?/s

at — 40 °C: 500 mm?/s
at— 54 °C: 3 000 mm?/s

C.3.2 Phosphate of ester hydraulic fluid

Flash point:

Fire point:

Acid value, max.:
Kinematic viscosity, min.:

182 °C

215 °C

0,04 mg KOH/g

at 98 °C: 3,85 mm?/s

at 37 °C: 11,75 mm?/s
at—4 °C: 600 mm?%s
at—53 °C: 3 500 mm?/s

C.4 De-icing and anti-icing fluids

ISO Type Il (glycol base) according to |[SO 11078.
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Annex D
(normative)

Measurement of the peel strength of the liner

D.1 Principle

See Figure D.1 as an example.

D.2 Method

— Cut the bearing.

— Hold, in an appropriate equipment, the half part of the outer ring which has not been subjected to a load.
— A blade, for example, may be used to initiate unsticking of the liner.

— Hold the extremity of the liner in the jaws of the clamping device which is equipped with a calibrated load cell.
— Apply a tension load in this device, with an angle of (150 + 30)° to the bond surface, at a speed of
(13 to 25) mm/min.

— Check the recorded values.

Key

1 Outer ring of the bearing

2 Liner

3 Clamping device of the liner

Figure D.1
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Annex E
(normative)

Duty cycles

E.1 Principle

See example Figure E.1.
The duty cycle tests require the use of two served actuators:
— one to apply the radial load on the bearing;

— one to apply the rotation between the outer and the inner ring of the bearing.

E.2 Method

— Apply statically for 15 min on the outer ring, the load corresponding to the relevant test; (equivalent
applied pressure 17,8 MPa);

— Set the dial gauge to zero;

— Submit the bearing to the relevant test;

— Check the wear of the liner at sufficient intervals to plot wear versus life in cycles;

— After this test, the friction coefficient shall be measured under applied pressure of 51,8 MPa and shall be
lower than 0,18 in Tables 5 (a), 5 (b) and 5 (c);

— After test, proceed to peel strength and bond integrity tests defined in 4.16 and 4.17.
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Key

1 Rotation
2 Force detector
3 Actuator (position servoed)

4 @ pin=@ dnominal + 0010
- 0,025
5 @ support=@ D nominal © 2%%
-~ 0,005

>

Dimensions in millimetres

@ N O

1"
12

Actuator (force servoed)

Pin in steel 50 HRC min.

Bearing with self-lubricating liner.
Bearing support

Dial gauge

Location of the temperature gauge
Position transmitter

Figure E.1
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For each size of bearing the dynamic loads are obtained by multiplying the unit pressure by the projected
surface area.

Load variation peak to peak is linear and proportional to the deflection. See Table E.1.

Table E.1
Rotation Pressure applied Cycle number Maximum rotational speed
° MPa °ls
+2 17,8
0 y 143 3 510 000
+4 19,6
0 4 125 450 000
+6 21,4
0~ 6 107 82 500
+8 23,2
0 s 8.9 31500
+10 25,0
0~ 10 71 15000 15
+1 33,9
0 iy 268 2 240 000
+3 41,0
0~ 3 19.6 135 000
+4 44,6
0 4 16.0 45 000
+6 51,8
0~ 6 8.9 30 000
EXAMPLE
See Figure E.2.
11\
17,8
// 14’3
> 2
-2 0 +2
Key
1 Pressure
2 Rotation
Figure E.2
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Annex F
(normative)

Verification of dynamic radial loads (Cssy)

F.1 Principle

See Figure F.1 as an example.

F.2 Verification
F.2.1 Method

— Mount the bearing as shown in Figure F.1 without affecting its characteristics. The testing device shall be
designed with the aim that the rotation during the test, shall be effective at the liner level;

— Apply statically, for 15 min on the outer ring, the C,s5¢ load corresponding to the relevant test;

— Set the dial gauge to zero;

— Submit the bearing to the relevant test;

— Check the wear of the liner;

— After this checking, proceed to peel strength and bond integrity tests defined in 4.16 and 4.17.

F.2.2 Testing at ambient temperature

Number of cycles: 250 000

Rate: (12 £ 2) cycles/min
Test load: 100 % of load Cssq
F.2.3 Testing at low temperature

Number of cycles: 250 000

Rate: (12 £ 2) cycles/min

Test load: 75 % of load Cssq

Temperature to be maintained throughout the test: — 54 °C

The temperature may increase until — 35 °C. In this event, stop the test to decrease the temperature to — 54 °C
then continue the test.

F.2.4 Testing at elevated temperature

Number of cycles: 250 000

Rate: (12 £ 2) cycles/min

Test load: 100 % of load Cysg

Temperature to be maintained throughout the test: (120 £ 5) °C.

The heating, due to friction could be balanced by adjusting the heating source.
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F.2.5 Testing at ambient temperature after immersion

Number of cycles: 250 000
Rate: (12 £ 2) cycles/min
Test load: 75 % of load Cssg
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Dimensions in millimetres

A-A

S
v Y

Key
1 Power unit 4 Pinin steel 50 HRC min.
2 @ pin =@ d nominal + 0,010 5 Bearing with self-lubricating liner
- 0,025 6 Bearing support
7 Dial gauge
3 @ support =@ D nominal :r 8:282 8 Location of the temperature gauge

Figure F.1
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Annex G
(normative)

Low friction coefficient

G.1 Low friction coefficient

See Table G.1.
Table G.1
.. . . Bearing pr r
Friction coefficient 2 Temperature range € g pressure
range
max.
MPa
Y7
0,18 -54°Cto 120 °C 10 to 120
@  The proof of the value of friction coefficient has to be furnished for the new bearing and after completion
to lead the life time test (duty cycles).

Coefficient of friction to be measured before and completion of the duty cycles test at — 54 °C, — 30 °C, — 10 °C
and ambient temperature. For each temperature three measurements must be taken at 10 MPa, 60 MPa and
120 MPa pressure.

Two spherical plain bearings of the size 16 or 20 have to be tested.

The maximum value of coefficient of friction is x= 0,18.

Coefficient of friction will be calculated as follows:

1= TI(R x F)

where
F Radial load F max. = Protected surface area (mmz) 3) x Pressure (MPa);
T Measured torque under the load F;

R Radial of the ball.

Both bearings subjected to dynamic test must be tested.

3) See Table 2 of EN 4538-003 and EN 4539-003.
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